Introduction
The biological potential of calix [n] arenes is now well recognised.
[1] They have been utilized as scaffolds in the battles against TB, HIV and cancer as well as extensively as biosensors. [2] This interest stems from the ability to readily tune properties such as solubility and also from the ability to append functional groups/motifs of biological interest. In the case of metallocalixarenes, one important aspect to address is their hydrolytic stability and, in particular, whether or not the metal remains bound to the calixarene under physiological conditions. We are interested in exploiting the many attributes of calix [n] arenes to develop new scaffolds capable of selectivity for the receptors overexpressed on the surface of cancer cells. [2b, 3] Given that, despite it's successes, cisplatin and derivatives such as carboplatin have major limitations, such as high instances of drug resistance, adverse side effects, and a tendency to only work against treatable cancers, there is a drive to develop new agents based on metals other than platinum. A number of titanium complexes bearing salen/salen-type ligation (see Chart 1) have been shown to exhibit promising anti-cancer effects, and have outperformed cisplatin. [4] In this study, we explore the potential of a dichlorotitanocalix [4] arene complex derived from a 1,3-dialkoxycalix [4] arene precursor and have identified a hydrolysis product. Extension of the work to a calix [8] arene system resulted in the isolation of a silicone grease derived complex.
The incorporation if silicone grease into molecular structures has been reviewed. [5] Titanocalix [n] arenes are known, [6] but have only previously been exploited for their catalytic potential in α-olefin polymerization or the ring opening polymerization (ROP) of cyclic esters. [7] We also note that this type titanocalix [4] arene has been grafted onto silica and employed in olefin epoxidation by the group of Katz. [8] 
Chart 2. Titanocalix[n]arenes studied herein (R = tBu, L = NCMe).
Results and Discussion

Synthesis and characterisation
The pro-ligand 5,11,17,23-tetra-tert-butyl-dihydroxy-26,28-bis(2-pentoxy) calix [4] arene (L(OH)2(Opentyl)2) was prepared according to the previously described method. [3b, 7k] Refluxing a toluene solution of (L(OH)2(Opentyl)2) and
[TiCl4] for several hours, followed by removal of solvent, extraction of the residue into warm acetonitrile and allowing the solution to cool and stand at ambient temperature afforded deep red plates over the course of several days. A crystal suitable for a structure determination was chosen, and the molecular structure The titanium centre is best described as distorted octahedral bound by two chlorides and four calixarene oxygen atoms, the calix [4] [7k]
In order to determine the air stability of 1, a solution of 1 was stirred under air for 2 h, whereupon following work-up, an orange/red complex was isolated. If the complex is taken up in acetonitrile, small prisms can be grown over several days. The molecular structure is shown in Figure 2 , with selected bond lengths and angles given in the caption. The structure was identified as the complex {[TiL(O)3(Opentyl)]2(µ-OH)(µ-Cl)} (2), which contains a bridging chloride and a bridging hydroxide ligand. The bridging hydroxide ligand may have been part chloride, but this was not modelled.
Seven and a quarter acetonitrile solvate molecules complete the asymmetric unit to give a final formula of 2•7¼MeCN. Each titanium centre in 2 again exhibits a distorted octahedral environment, and each is bound by a calix [4] arene ligand bearing only one pentoxy group. These pentoxy groups reside in trans positions above and below the Ti2(µ-OH)µ-Cl core. An acetonitrile molecule resides in each of the calix [4] arene cavities, whilst a further acetonitrile is involved in H-bonding to the bridging hydroxide group. Two and quarter other exo acetonitriles have been modelled as point atoms, and two exo acetonitriles were modelled as diffuse electron density by the Platon Squeeze procedure. [9, 10] We note that a route to monofunctionalised calix [4] arenes via removal of an ether functionality using TiCl4 has been reported by Floriani and coworkers.
[6d] Floriani et al identified CH3Cl in their reaction and suggested this was the result of capture of the leaving group by the Cl -nucleophile.
For 2, similar loss of two equivalents of pentylchloride is invoked and to balance the hydrolysis reaction, one equivalent of HCl is also lost.
Some MeCN molecules are not visible due to modelling as diffuse areas of electron density.
Selected bond lengths (Å) and angles (
104.5(3).
Use of 49,50,51,52,53,54,55,56-octapropoxycalix[8] 
arene (L / (Opropyl)8)
Given the removal of the ether groups at the lower rim in calix [4] arene chemistry, we were interested to investigate how TiCl4 would react in combination with 49,50,51,52,53,54,55,56-octapropoxycalix[8] removal of solvent, extracting the residue into warm acetonitrile red needles grew over the course of several days. In the 1 H NMR spectrum, there was no evidence of propyl groups whilst a peak at δ 0.14 ppm was initially thought to be silicone grease.
Surprisingly, a molecular structure determination revealed a calix[8]arene ligand binding four titanium centres (Figures 3 & 4) , the latter forming a three step Ti4O4 ladder central moiety (Figures 5 & 6 ). The central two titanium atoms were either coordinated to one chloride ion each (34.6(3) % occupancy), or linked by a OSi(Me)2OSi(Me)2O (65.4(3) % occupancy) which accounts for the peak at δ 0.14 ppm in the 1 H NMR spectrum, and is thought to originate from the use of silicone grease. We note that silicone grease has proved to be a source of some interesting coordination complexes. [5, 9] Two chlorides and two bound MeCN solvate molecules complete the structure of 3•10MeCN with 10 unbound MeCNs also present. [5,11,17,23,29,35,41,47-tetra-tert-butyl-49,50,51,52,53,54,55,56-octaoxocalix[8] ,11,17,23,29,35,41,47-tetra-tert-butyl-49,50,51,52,53,54,55,56-octaoxocalix[8] 
Cytotoxicity studies
The complexes presented were tested for cytotoxicity against a tumour cell line to see if the compounds had anticancer properties in their current form. The cytotoxicity values were measured using a cell viability assay. It should be noted that in in vivo and clinical tests formulation is key for cytotoxicity, especially for stable compounds. It has been observed in previous studies that the time the titanium compounds remain in solution can have an impact on the properties as hydrolysis occurs to form insoluble materials.
Complexes ( [10(a)] Despite the lack of cytotoxic properties in this assay it is likely that modification of the structures and tuning of the stability could be combined with suitable formulation to deliver bioactive compounds. It is also worth noting that other mechanisms can give anticancer activities that would only become apparent in in vivo studies. Further research is required to determine optimal structural types for titanium(IV) calixarenes in biological applications. It would also be of interest to screen the compounds in antimicrobial analyses to determine activity against different organisms. 
Synthesis of {[TiL(O)3(Opentyl)]2(µ-OH)(µ-Cl)} (2)
A sample of 1 (0.50 g, 0.60 mmol) was exposed to atmospheric conditions for 2 h. The resulting solid was then extracted into warm, anhydrous acetonitrile (10 mL) and filtered under a nitrogen atmosphere. To a suspension of L / (Opropyl)8 (2.00 g, 1.22 mmol) in anhydrous toluene (25 mL) was added titanium(IV) chloride (1.0 M in toluene, 5.00 mL, 5.00 mmol). The resulting deep red mixture was refluxed for 16 h under an inert atmosphere. The volatiles were then removed in vacuo and the resulting residue was extracted into warm, anhydrous acetonitrile (20 mL). The solution was filtered whilst warm under inert conditions and the filtrate was allowed to cool.
The filtrate was left to stand for 7 days at ambient temperature during which time red needles of the co-crystallised compounds formed (0.96 g, 43% 
Crystal structure determinations.
Further details are given in Table 2 , with special details pertaining to the three crystal structures summarised here. Crystals suitable for X-ray diffraction were grown by leaving FCS). The plates were incubated overnight in a 5% CO2 incubator at 37°C to allow cells to adhere. The next day the media was removed from the wells and 100 μL compound in media was added. Tested compounds were used in a range of concentrations from 0.91 μM to 2 mM. The plates were then returned to a 5% CO2 incubator for 72 h after which MTS reagent (Promega, UK) 20 μL was added to each well and returned to the incubator at 37°C for a further 3 h. Absorbance readings were taken at 490 nm using a Synergy HT microplate reader (Biotek, USA). Experiments were carried out in triplicate and subtracted from media only absorbance. CC50 values were obtained using GraphPad Prism 5 (GraphPad, USA) software.
